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Abstract
Since the middle Miocene, the Point Arena Basin has undergone
two phases of deformation. The first phase started -15 Ma and is related
to plate interactions at the Mendocino Triple Junction. This phase is
characterized by the development of two anticlinoria in the southern end
of the Point Arena Basin. The second phase occurred -3.5 Ma and is
related to a change in plate motion between the Pacific and North
American Plates. Smaller wavelength folding characterizes this phase of
folding. These periods of folding are defined by the geometry of five
Neogene unconformities in multichannel seismic reflection profiles and
age constraints from well data. The data set also imaged a shear zone
along the eastern margin of the Point Arena Basin. This shear zone
extends from Point Arena to Point Delgada. The shear zone is imag~d as
a region of incoherent reflectors that is bounded by high angle faults.
These faults truncate sediments on both the east and west sides of the
shear zone. Occasional small, coherent sections of sediments are image~
within the zone, indicating that several fault strands form the zone.
Basement reflections west of the shear zone dip seaward and are often
offset by faulting. The shear zone between Point Arena and Point Delgada,
/
is the long term location of the San Andreas Fault zone over the past 10-5
my. A second shear zone can be traced northwest of Point Delgada. It is
unclear whether this shear zone is a continuation of the San Andreas
Fault zone or a separate zone of deformation. Sediments are considerably
thicker and the basement reflection is horizontal west of this northern
shear zone. More seismic data near the coast at Point Delgada is needed
to determine if the two shear zones are the same zone.
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Introduction
The San Andreas Fault system is a series of faults that are part of
the plate boundary between the Pacific and the North American Plates.
The majority of earlier studies of the San Andreas Fault (SAF) have
focused on the onshore portions of the fault system from Point Arena
south. The northern portion from Point Arena to the Mendocino Triple
Junction (MTJ) has received little attention, largely because it lies
offshore, and therefore is difficult to trace without access to high quality
seismic data. In previous studies of the SAF in northern California,
workers extrapolated the location of the fault in a straight line off Point
Arena (Curray and Nason, 1967). However, fault rupture associated with
the April 18, 1906 earthquake at Point Delgada suggests that it comes on
shore at Point Delgada (Lawson, 1906). This also suggests that the fault
curves toward the east north of Point Arena. North of Point Delgada the
fault is extrapolated to gently curve to the west and meet up with the
Mendocino' Fracture Zone (Figure 1) (Curray and Nason, 1967 and
McCulloch, 1987). Curray and Nason (1967) base their location of the fault
on fault scarps on the sea floor that are visible on single channel seismic
profiles. However, single channel seismic data has limited penetration
and cannot be stacked to achieve higher signal to noise ratio. McCulloch
(1987) used multichannel seismic data and noted that 2 km of undeformed
sediments on the east side of the fault are truncated by highly deformed
rocks, indicating long-term lateral slip along the fault.
Despite these studie~, the location of the fault is still dashed on
many published maps, including the Geologic Map of California
(Jennings, 1977). Mapping and documentation of the offshore location of
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the SAF is important for two reasons, the first being the potential seismic
hazard associated with the fault. The fault is currently aseismic, but it
sustained a significant rupture in 1906. Both the aseismic nature and
major 1906 rupture indicate the possibility of another major earthquake
along this portion of the fault in the near future. Second, better
documentation is necessary to further aid the understanding of the
tectonics of northern California. This includes how the SAF ties into the
MTJ and the evolution of transform fault systems.
Previous studies of the Point Arena Basin include Hoskins and
Griffiths (1971), Crouch and Bachman (1987), and McCulloch (1987),
which focused on the exploration potential of the Point Arena Basin. A
more recent study by Loomis and Ingle (1994) is a geohistory analysis of
the basin by looking at lithologic, stratigraphic, and paleobathymetric
data. The early studies only briefly discuss the deformation in the basin
and tend to overlook some of the details. The work by Loomis and Ingle
(1994) can be expanded by the use of this comprehensive seismic data set to
resolve the details of the folding including age constraints.
Documentation of the deformation of the Point Arena Basin is also helpful
in understanding the tectonics of California and is directly related to the
evolution of transform fault systems.
This study uses a dense grid of industry multichannel seismic
reflection data to characterize and map the offshore location of the San
Andreas Fault as well as to construct a deformation history of the
southern end of the Point Arena Basin. Unconformities were digitized
and correlated with well data. These horizons were then contoured to
"generate map views of the unconformities. The unconformities with the
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age constraints from the well data allow us to construct a detailed
deformation history, starting in the Miocene, for the Point Arena Basin.
Tectonic Setting
Atwater (1970) documented the changes of the western North
America plate boundary related to the passing of the MTJ that have
occurred over the past 30 Ma (figure 2). Before 30 Ma, the margin of North
America was a subduction zone in which the Farallon plate was
subducting beneath North America. Subduction ceased as the ridge
separating the Pacific and Farallon plates intersected the trench. As
~
motion between the plates continued, two unstable triple junctions began
migrating away from each other-,-the- MTJ moving to the north and the
Rivera triple junction moving to the south. As a result of the passing of
these triple junctions, the plate boundary changes from a subduction zone
to a transform boundary. The plate boundary is also moving east besides
extending north and south, as indicated by seismicity and the capture of
pieces of North America by the Pacific plate (Griscom and Jachens, 1989)..
The MTJ is curreI:1tly located at Cape Mendocino, California
(Figure 1). The SAF, Mendocino Fracture Zone and the Cascadia
Subduction zone are the three plate boundaries at the triple junction,
separating the Gorda, North American, and Pacific Plates. The SAF
accommodates the motion between the North American and Pacific
-------../
plates, while the Cascadia Subduction Zone accommodates Gorda-North
American plate motions. The Pacific-Gorda plate motions are
accommodated along the Mendocino Fracture Zone. The plate boundary
between the North American and Pacific plate is diffuse and consists of a
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deformation zone that is several hundred kilometers wide rather than a
single fault..
The SAF is just one of many faults that are located within the wide
plate boundary. As a consequence it is important to distinguish between a
transform fault, a transform fault zone, and a transform fault system. A
transform fault is the site of principle rupture and involves only one fault.
A transform fault zone is a set of faults that splay and rejoin a main fault;
a zone is usually around 10 km. wide. Finally, a transform fault system
refers to the whole plate boundary. Many nearly parallel faults comprise
the system, which can be up to 500 kIn wide (Sylvester, 1988). In this study
we map the crustal expression of the SAF zone, which is a zone 1-3 kIn
wide containing several anastomizing fault strands.
The location and trend of transform faults is in part controlled by
pre-existing fractures and faults. For example, many of the faults in the
SAF system were once thrust faults in the accretionary prism that existed
before subduction stopped (Kelsey and Carver, 1988, and Castillo and
Ellsworth, 1993). The faults are also not always straight and tend to have
bends in them. The curves cause areas of compression and extension to
develop along the fault. Compression along a strike-slip fault is called
transpression, while extension along such faults is called transtension.
In areas of transtension, normal faults, basin extension, and volcanic
activity are some of the expected features. Areas of transpression are
characterized by thrust faulting, folding, and uplift. Transpression and
transtension result in the development of complex features along the
fault, including pull apart basins, flower structures, and strike-slip
duplexes (Sylvester, 1988).
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Seismicity
The SAF in northern California is generally aseismic except for the
April 18, 1906 earthquake. A few small earthquakes have also occurred a
few kilometers to the west of the SAF in a highly faulted region (figure 3).
However, sparse seismic stations near the coast make it difficult to
deterinine exact locations and motions. The movement associated with
these few earthquakes is compatible with right lateral motion on NW
trending planes (Castillo and Ellsworth, 1992).
Most of the seismic activity within the SAF system in northern
California takes place on the Maacama and Bartlett Springs fault zones·
and is of small magnitudes (M < 5) (Figure 3). Both of these fault zones
are east of the SAF zone, with the Bartlett Springs fault zone being the
eastern most. The Maacama fault zone, a series of en echelon faults, is
the northward continuation of the Healdsburg Fault. The fault zone is
relatively young and therefore has 3: limited slip history. The motion
along this fault zone takes place on NE dipping planes as right lateral
strike slip and occasional oblique slip motion. The depths of earthquakes
range from about 7-15 km, with little activity at shallow depths. The
movement at shallow depths may be attributed to aseismic creep since no
shallow earthquakes were recorded. A few earthquakes have also
occurred at depths up to 25 km, but these events are only on the order of M
1-2. The seismicity along this fault zone stops were it intersects the
proposed southern edge of the subducted Gorda Slab. The motion along
this fault zone shows that it is responding to right lateral shear strain that
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is induced by Pacific- North American plate motion (Castillo and
Ellsworth, 1992)..
The Bartlett Springs fault zone is located east of the Maacama and
may link up with the Green Valley fault near San Francisco (figure 3).
The young age of the fault zone results in little morphological expression,
with the exception of a pull apart basin. The fault zone exhibits right
lateral strike slip motion on NW trending, NE dipping fault planes. The
activity along the Bartlett Springs fault zone also terminates at the
southern edge of the Gorda slab. The similar motion of the Maacama and
Bartlett Springs fault zones suggests that both fault zones accommodate
the Pacific- North American plate motion. However, there are a few
differences between the Bartlett Springs fault and the Maacama faults.
Unlike the Maacama fault, the Bartlett Springs fault activity occurs in
clusters rather than continuously along its length. The earthquakes are
also a little deeper, having a base at 15-18 km rather than 12-15 kin.
Finally, the Bartlett Springs Fault shows little seismic activity near its
southern end (Castillo and Ellsworth, 1992).
The April 18, 1906 earthquake, Ms 7.8 (Abe and Noguchi, 1983), is
one of the most famous earthquakes that has occurred in the 20th century
due to the extensive damages sustained by San Francisco. The epicenter
of the earthquake was near San Francisco, with the northern 430 km of
the SAF rupturing during the event. This portion of the fault stretches
from San Juan Buatista to the Mendocino Triple Junction (Figure 4). The
evidence for rupture north of Point Arena comes from displacement
observed at Point Arena and Point Delgada. Lawson's work (1908) on the
earthquake remains as the leading evidence for the rupture along this
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portion of the fault. The evidence includes fresh fault scarps which were
mapped soon after the earthquake. The fault scarps often show up as
saddles in ridges, disturbances in the sod, and in some places a ridge that
was the result of vertical movements. Schill et. al. (1995) and Merritts
(personal communication, 1997) have also documented evidence for recent
fault rupture in the vacinity of Point Delgada. To the north and the south
of Point Delgada the SAF is thought to lie near the coast, but landslides
obscured any evidence of its location. Concern that another major rupture
may occur in the future along this portion of the fault still exists,
especially since the southern 45 km of the 1906 rupture ruptured again in
the Loma Prieta earthquake in 1989 (Wallace, 1991).
Geology
Because of the right lateral motion along the fault, the geology on
either side of the SAF differs considerably. The rocks to the east of the
SAF in Northern California represent a Mesozoic and Cenozoic
subduction sequence, the Franciscan Complex, that has been uplifted and
faulted. Fault activity includes both thrust and strike-slip faulting. The
Franciscan complex consists of melange and imbricated layered rocks.
The age of the complex ranges from late Jurassic to Miocene and is
composed of a variety of rock types including metasediments (Blake and
Jones, 1981).
To the west of the SAF is the Point Arena Basin (Figure 2). This
basin extends north from Point Arena to the Mendocino Fracture Zone. A
structural high, the Oconostota ridge, forms the western boundary, while
the southwest boundary is formed by the Navarro Discontinuity (Figure 1).
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The Navarro Discontinuity is a magnetic anomaly and indicates a change
in the basement rocks. Granitic rocks are found to the south of it and
Franciscan type rocks are north of the discontinuity (McCulloch, 1987).
The geology of the Point Arena Basin has been determined from
three exploratory wells drilled in the 1960's north west of Point Arena
(Figure 1), exposures onshore at Point Arena, a dredge haul from Noyo
Canyon, and DSDP 173. The basement rocks of the basin are referred to as
the Vizcaino block, which is composed of a variety of rock types including
Franciscan type rocks in the northern portion of the Basin and quartz-
mica schist in the southernmost portion of the basin. The block is overlain
by sediments that have been deposited since the upper Cretaceous. The
sediments in the Point Arena Basin include the Gualala Formation, the
German Rancho Formation, the Skooner Gulch Formation, the Gallaway
Formation, the Point Arena Formation, the Santa Cruz Mudstone, and
the Purisima Formation. The Gualala, German Rancho, Skooner Gulch,
and Purisima Formations are all composed of sandstones. The Gallaway
is a shale with interbedded sandstones, and the Point Arena formation
consists of laminated cherts and siliceous, sandy shales. Evidence for
shallow volcanism, the Iversen Basalt, ....24 Ma, at the Oligocene-Miocene
boundary is exposed onshore at Point Arena and is thought to mark the
initiation of the Point Arena Basin (Hoskins and Griffiths, 1971, Webster,
et al, 1986, McCulloch, 1987, and Loomis and Ingle, 1994).
Methods
To document the deformation history of the Point Arena Basin and
to constrain the location of the San Andreas fault zone a s~ries of
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multichannel seismic lines (Figure 1) were interpreted. The lines used
are industry seismic lines collected by J ebco and Western Geophysical and
provided by Amoco Corporation. The lines cover an area from Point
Arena to the Mendocino Fracture Zone. The length of the lines ranges
from 20 kIn to about 60 km. An airgun was used as the source for the data
and the length of the records ranges from 4-6 seconds, depending on the
survey. This data set provides excellent images of the subsurface geology
as well as comprehensive coverage.
.The first step in developing a deformation history was to interpret
the seismic profiles and correlate the available well data to the seismic
data. Five major unconformities and the basement were defined on all of
the lines. The unconformities were either erosional or nonconformities
and were used as the basis of the well correlation.
Two of the exploratory wells from the late 1960's, 'drilled by Shell,
are located on lines used in the basin study and could consequently be
used to put age constraints on the sediments in the basin. P032-1 is
located on line 119 and P033-1 is located near line 205 (Figure 1). Well P032
penetrated the Purisima Formation, the Santa Cruz Mudstone, the Point
Arena Formation, the Gallaway Formation, the Skooner Gulch
Formation, and the German Rancho Formation (Figure 5).
Unconformities separate the Purisima from the Santa Cruz Mudstone
and the Santa Cruz Mudstone from the Point Arena Formation (Figure 5)
(Webster et. al., 1986 and 1987). Well P033 penetrated the Purisima
Formation, the Point Arena Formation, the Gallaway Formation, the
Skooner Gulch Formation, the German Rancho Formation, and
Cretaceous metasediments (Figure 6) (Webster et. a., 1986). The Purisima
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and the Point Arena Formation are separated by an unconformity
(Webster et. aI., 1986) and this correlates with Hoskins and Griffiths (1971)
basin edge unconformity.
In the seismic data there is 5 unconformities near the top of the
section (Figure 5). Since the formations in the well are also separated by
unconformities, these were used as the basis of the well correlation. The
second and third lowest unconformities on line 119 are not found on line
205 (Figure 5 and 6). Since well P033 did not penetrate the Santa Cruz
Mudstone (Webster et. aI., 1986) and is near line 205, then the sediments
above these two unconformities on line 119 must correlate to the Santa
Cruz Mudstone. This also indicates that the next two unconformities
must bound the Purisima Formation, which is the only unit penetrated
above the Santa Cruz Mudstone.
The deepest unconformity mapped on the lines in this data set is the
top of the Point Arena Formation. This unconformity has been dated at
.... 10 Ma (Loomis and Ingle, 1994), which is in agreement with the ages of
the sediments it separates. The next unconformity is a nonconformity
and falls within the Santa Cruz Mudstone (Figure 5). In this paper, it is
used as the boundary between the Lower and Upper Santa Cruz
Mudstone. Even though this nonconformity is not indicated in the well
data, the seismic data clearly shows an unconformity in this position.
The third unconformity correlates with the top of the Santa Cruz
Mudstone, while the fourth falls in the middle of the Purisima. Like in
the Santa Cruz Mudstone, this is used as the transition from Lower
Purisima Formation to Upper Purisima Formation. Again this
unconformity is observed in the seismic data, but not in the well data.
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Finally, the fifth unconformity marks the base of the Pleistocene
sediments.
Six horizons, 5 unconformities and the basement, were first defined
on paper copies of the profiles, and then digitized. The Interactive
Velocity Picker (lVP) sub-program of the Omega Seismic Processing
Package was used to digitize the unconformities on the data that was
available on tape. A digitizing tablet was used to digitize the lines that
were only available as paper copies. Once the unconformities were
digitized, the files were exported, and Microsoft Excel was used to put the
data into column files and to calculate coordinates for each common
midpoint (CMP). Latitude and longitudes were calculated from the
coordinates of the end points of each line. Transform, a 3-D visualization
package, was then used to create surface plots of each horizon. A
spherical kriging algorithm, the most accurate method available in the
program, was used to fill in the missing values in the matrix. Once each
unconformity file was converted into a matrix, a series of contour maps
were made. The contour maps represented the surface of each
unconformity. Isopach maps for some of the formations were also made
by subtracting the surfaces.
The San Andreas fault zone was interpreted as a zone of incoherent
reflectors, bounded by high angle faults. The high angle faults also
truncate sediments on the east-and west margins of the zone. Once the
fault was identified on the lines, the locations were transferred to a track
map of the seismic lines. The shear zone was located on a map by
determining the distance from the end of the seismic line to the shot point
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at which the bounding faults are imaged. ArcInfo was then used to
digitize the map so it could be added to a pre-existing database.
ObseIvations
Point Arena Basin
Unconformities in the Point Arena Basin give some indication of its
geologic history through the Neogene. Line 112 (Figure 7) is a key line for
determining the sequence of events (See Figure 1 for line locations). The
Point Arena Formation is the oldest formation, besides the basement, that
can be identified in the data. The age ofthis formation ranges from 14-16
Ma. This formation is folded into two rather broad structures, labeled A
and C on Figure -7. Fold C is about 8 km across, but also contains smaller
wavelength folds « 1 km) within the large scale structure. To the south
structure C changes to a broad, uplifted structure that contains the
smaller folds. Structure A, however, becomes a large, single anticline
that is about 4.5 km across. To the north, line 106 shows some indication
of these structures, but lines 100 and 103 are nearly undeformed.
Following the deposition and folding of the Point Arena Formation is a
period of erosion. This is indicated by an angular unconformity, 1, on the
eastern limb of fold A. This unconformity correlates with a Pacific wide
hiatus and has been dated at 10-9.2 Ma (Loomis and Ingle, 1994).
From 7-5 Ma, the deposition of the Santa Cruz Mudstone took place
(labels 3 and 4). The area was still being folded during the deposition of
the Santa Cruz Mudstone because it onlaps and thins up the flanks of
folds A and C. If the area was not being compressed during the deposition
of these units, one would expect sediment thicknesses to be constant in the
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syncline and over the antiforms. In this case, the sediments are thickest
in the topographic low and thin over the folds. To get this type of
geometry, the sediments need to be folded as they are deposited (Hardy and
Poblet, 1994). A change in the angle of onlap indicates that a non-
conformity exists within the Santa Cruz Mudstone and may represent a
tectonic pulse (Hardy and Poblet, 1994).
After the deposition of the Santa Cruz Mudstone, the folding stops
and the top of the Santa Cruz Mudstone is eroded. Erosion is not evident
on line 112, but reflectors truncated by this unconformity are visible on
other lines in this portion of the basin. From 2-4Ma, the Purisima
Formation is deposited. Within this time frame, some folding occurs in
the basin once again. Fold B, which is best developed on line 112, is a
result of this folding and occurs later than the previous event because a
constant thickness of Santa Cruz Mudstone is folded. The upper part of
the Purisima Formation, labeled 6 in Figure 6 is a prograding sequence
(also see Figure 5) and is only found in the southern end of the basin.
After the deposition of the Purisima Formation, a period of erosion takes
place as shown by angular unconformities (label 7). Finally, Pleistocene
sediments form a thin veneer over most of the basin.
A series of contour plots were made to provide map views of the
unconformities. The unconformity surfaces and the basement are shown
in Figure 8. In these plots, the colored lines represent the data from the
seismic lines and the gray represents no data. The black lines are the
contours of the kriged data and represent the surfaces of each
unconformity or the thickness or a particular unit. All of the plots are in
2-way travel time. Figure 8A and B are the basement surface and the
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contour of A interval is 300 ms and B is contoured at 250 meters. A
velocity of 3 kmls was assumed to convert the 2-way travel time into
meters. The plot extends from Point Arena, which is in the lower right
corner, to the Mendocino Fracture Zone, which runs across the top of the
figure. In the southern portion of the basin, the basement shows a high
degree of irregularity, however, in the northern portions of the basin, the
basement is relatively smooth.
The unconformity at the top of the Point Arena Formation is shown
in Figure BC. The contour interval is 300 ms and again extends from
Point Arena to the MFZ. In the southern end of the basin, the surface
shows two structural highs separated by a structural low. In the
northern portions of the basin, the sediments show no evidence for folding
and just simply get deeper (in 2-way travel time) to the west.
Figure BD is the surface of the unconformity in the middle of the
'Santa Cruz Mudstone and is contoured at 200 ms. This surface is only
contoured over the southern half of the previous maps. Again the
sediments show the two highs and the low in the southern portion of the
basin. These highs correspond to the anticlinoria visible on the seismic
profiles. The thickness of sediments between Figures BC and D in the
southern end of the basin is shown in Figure BE. This is the isopach of the
lower Santa Cruz Mudstone and is contoured at 100 ms. This formation
thins to a thickness of ams over the anticlinoria and is over 500 ms thick
in the syncline. The locus of deposition is centered near line 112, where
as, the lower Santa Cruz Mudstone is not found on the southern most
lines.
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The unconformity at the top of the Santa Cruz Mudstone is shown
in Figure SF. The contour interval is 200 ms and covers the southern end
of the basin. The extent of the folding in the south and the lack of folding
in the north is still obvious in this map. The isopach map of the upper
Santa Cruz Mudstone (Figure SG) shows the same character as the lower
Santa Cruz Mudstone isopach. The sediments again are thin over the
anticlinoria and thick in the syncline. Furthermore, the upper Santa
Cruz Mudstone is also not found in the southernmost end of the basin.
However, the locus of deposition shifts south and is centered between lines
115 and 119 rather than near line 112.
The unconformity that divides the Purisima Formation (Figure 8H)
is shown only over the extent of the Upper Purisima Formation. The
contour interval is 100 ms and it indicates that the Upper Purisima
formation (the prograding sequence) is only found on the southernmost
lines. This map does not indicate any folding in the pattern of the
contours. Figure 81 is the base of the Pleistocene sediments and is
contoured at 200 ms. This shows sediments getting deeper to the west in
2-way travel time and no fold structures.
San Andreas Fault Zone
A shear zone that ranges from 2-4 km across is imaged on many of
the seismic lines. This shear zone is a region of incoherent reflectors
bounded by high angle faults (Figures 9, 10, and 11). On some of the lines
small blocks of sediments are imaged within the shear zone (Figure 10).
The shear zone is also defined by the truncation of sediments on both the
east and west sides of the shear zone. In addition, single strand faults are
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found east of the shear zone, and are imaged as offsets in single reflectors
that do not bound shear zones (Figure 9). The heavy lines on Figure 1
indicate where the shear zone was imaged on the available seismic data.
North of Point Arena the shear zone curves to the east, and trends toward
Point Delgada (figure 1). North of Point Delgada, a second shear zone
makes a sharp bend to the west.
The character of the basement and sediments on the west side of the
shear zone varies from north to south. From Point Arena to Point
Delgada (Figures 9 and 10), the sediments are relatively thin, ranging
from almost 0 seconds to 1 second. In this region, the basement is also
sloping up towards the sea floor as it approaches the shear zone. In the
region near Point Delgada, the subsurface is not imaged well, and the
shear zone enters the 3 mile zone, making it impossible to locate the zone
with this data set. (The 3 mile zone runs along the entire coast of
California and multichannel seismic data can not be collected in it.)
To the north of Point Delgada the rocks west of the shear zone have
a different character than to the south. First, the basement does not slope
up toward the sea floor, but rather, it stays horizontal as it approaches the
shear zone (Figure 11). Thicker sediments, ranging from 2-2.5 seconds,
are associated with the horizontal basement.
Besides the unconformities and the shear zone, there are other
interesting features in the basin. First, the nearly horizontal reflectors
that crosscut sediment reflections in fold A on line 112 may be diagenetic
boundaries. These anomalous reflections are also imaged on several
other lines in the southern part of the basin. The upper reflection is the
opal A (amorphous silica)/Opal CT (cristobalite and tridymite) boundary
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and the lower one-is the Opal CT/Quartz boundary (Crouch and Bachman,
1987, Meltzer and Levander, 1991, and Hubbard et. aI., 1985). A rate of
deformation greater than the rate of equilibrium is suggested by the cross
cutting position of the diagenetic boundaries (Meltzer and Levander, 1991).
A second feature is a high angle fault on line 100 (Figure 9) that results in
about 1 second of offset in the basement. There is also some evidence for
this feature on line 103, but this dramatic offset is not imaged on the next
lines to the north and south.
Discussion
The folding in the southern Point Arena Basin can be broken into
two separate phases. One related to plate interactions at the MTJ, and the
other is relatetttitransform faulting. Around 15 Ma, the triple junction
is thought to have been south of the Point Arena Basin (Figure 12). The
triple junction overtook the Point Arena Basin around 10 Ma, but could
have been as recently as 6 Ma (Figure 12) (Drake et. al. 1989). The age of
the Point Arena Formation is 14-16 Ma, which coincides with the triple
junction being located at the southern end of the Point Arena Basin. The
Point Arena Formation is also intensely folded in the southern end of the
basin, but not in the north (Figure 8 A-I). This suggests that the folding
observed in the southern Point Arena Basin started around 15 Ma and can
be attributed to plate interactions at the Mendocino Triple Junction.
The onlapping nature and thinning over the anticlines of the Santa
I
Cruz Mudstone (5-7 Ma) indicates that folding was occurring during its
deposition. This suggests that the triple junction did not over take the
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basin until -5 Ma or that transpression started along the SAF as early as 7
Ma.
The second phase of folding can be attributed to transform faulting
that occurred after the triple junction overtook the basin. Between 3.4-3.9
Ma, a 12° clockwise change in relative plate motion between the Pacific
and North American plates occurred, thus resulting in transpression
along the SAF (Harbert, 1991). The age of the Purisima Formation (2-4
Ma) correlates with this change in plate motion. Also, the upper
Purisima Formation is a prograding sequence, which signifies a period of
uplift. Uplift results in a large influx of terrigeneous sediments, which
can be preserved as a prograding sequence. Uplift accompanied this
period of transpression, which is demonstrated by the geohistory analysis
of the Point Arena Basin by Loomis and Ingle (1994). Therefore, the
change in plate motion is the likely cause of this smaller magnitude
folding. Fold B in Figure 7 is one result of this phase of folding.
The portion of the shear zone along the eastern edge of the Point
Arena Basin from Point Arena to Point Delgada represents the long term
location of the San Andreas Fault Zone over the past 5-10 my. Many fault
strands exist in this shear zone as indicated by small pieces of coherent
reflectors within the zone. However, the resolution of this data set doe~
not allow for correlation of the these features between lines. The active
trace of the SAF most likely falls within this zone since no other
candidates are observed in the data.
Due to the 3 mile zone, it is uncertain on whether or not the shear
zone south of Point Delgada is the same as the one north of Point Delgada.
The difference in the rocks west of the shear zone to the north and south of
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Point Delgada (i.e. depth to basement and sediment thickness) (Figures 9-
11) causes some hesitation in connecting the shear zones across the point.
The alternative to connecting the pieces is that the SAF zone trends
straight to the north as it comes on shore at Point Delgada and that the
northern shear zone is related to a separate zone of deformation. In order
to determine whether or not the shear zones do connect, seismic data in
the 3 mile zone near Point Delgada is essential.
Conclusions
In conclusion, the Point Arena Basin has undergone two phases of
folding in the Neogene. The first one, -15-10 Ma, is related to the
proximity to the Mendocino Triple Junction. The second phase, -2-4 Ma,
is a result of transpression caused by the change in relative plate motion
between North America and the Pacific plates. Also, the long term
location of the San Andreas Fault Zone is well constrained along the
eastern margin of the Point Arena Basin, south of Point Delgada. The
fault zone is represented by a shear zone bounded by high angle faults,
which truncate sediments on both the eastern and western sides of the
shear zone. Finally, from the available data, it is not clear if the shear
zone imaged north of Point Delgada is the continuation of the San
Andreas Fault Zone.
Figure Captions
Figure 1. Map of study area in northern California. The location of the
San Andreas Fault (SAF) is constrained by the black lines along the coast,
which indicate the seismic lines used in this study. The numbers are the
seismic line numbers, and the abbreviations are defined as follows: MFZ-
Mendocino Fracture Zone, PD-Point Delgada, PA-Point Arena, MF-
Maacama Fault, and OR-Oconostota Ridge. (The offshore structures are
from the California Continental Margin Geologic Map Series and the
onshore geology and structures are from the 1:250,000 geologic map series
of California.)
Figure 2. Evolution of the western margin\rNorth America from 40 Ma-
present. The hashed line represents subduction and the smooth line is
the SAF system. Abbreviations are as follows: SF-San Francisco, LA-
Las Angeles, GS- Guaymas, S- Seattle, VI- Vancouver Island, MZ-
Mazatlan. (from Atwater, 1970)
Figure 3. This map shows the seismicity in the study area from 1970-
1992. Note that most of the activity is located along faults east of the SAF.
The abbreviations are as follows: CSZ- Cascadia subduction zone, MFZ-
Mendocino fracture zone, GF- Garberville fault, LMF- Lake Mountain
Fault, BSF- Bartlett Springs Fault, MF- Maacama Fault, SAF- San
Andreas Fault, HBF- Healdsburg Fault, GV- Green Valley Fault.
(Seismicity from Global Hypocenter data base CD-ROM by the USGS and
NEIC. Faults from the 1:250,000 geologic map series of California.)
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Figure 4. The heavy line represents the portion of the SAF that ruptured
during the APpl 18, 1906 earthquake. Other outlines show the damage
limits and how far away the shock could be felt. (Wallace, 1991)
Figure 5. Three exploratory wells drilled in the 1960's were used for age
control on the seismic data. In this case, well P032-1 fell on line 119. The
well is the northernmost well in Figure 1. The formations are separated
by unconformities. The Purisima and Santa Cruz Mudstone formations
were not separated into lower and upper, but the seismic data clearly
indicates that unconformities line within both formations. Note that the
well is in thousands of feet and that the seismic data is in 2-way travel
time. A velocity of 3 km/sec was used to estimate the location of the
formations older than t~e Point Arena Formation (dashed lines) on the
seismic data. (Well data courtesy of Amoco Corporation)
Figure 6. Correlation of well P033-1 with line 205. Note the absence of the
Santa Cruz Mudstone in both the well and the seismic data and that the
well is in thousands of feet and the seismic data is in 2-way travel time. A
velocity of 3 km/sec was used to estimate the location of the formations
older than the Point Arena Formation (dashed lines) on the seismic data.
(Well data courtesy of Amoco Corporation)
Figure 7. Line 112 from the Jebco data set. The letters mark the dominate
structures in the southern Point Arena Basin. Numbers correspond to
the sequence of events. See text for further explanation.
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Figure 8 A·J. Contour plots of the unconformities and basement. The
contours are in 2-way travel time, except for B and J~ which are in meters.
Note that the Lower Santa Cruz Mudstone and the basement surfaces
extend farther north than the other maps. The colored backgrounds
represent were the data was located. Gray indicates no data. CI is the
contour interval.
Figure 9. Line 100 from the Jebco data set. The San Andreas Fault Zone
is at the east end of the line. The basement also shows a large offset east of
.~
the fault zone.
Figure 10. Line 103 from the Jebco data set. The San Andreas Fault Zone
is again at the east end of the line. The shear zone here has s~all pieces
of coherent reflectors. Some indication of the basement offset is also
imaged.
Figure 11. Line 200 from the Western Geophysical data set. The zone of
incoherent reflectors is the San Andreas Fault Zone. Comparing with
Figures 8 and 9, the sediments are thicker and the basement is not sloping
up.
Figure 12. Evolution of the Point Arena Basin through time. Note the
location of San Francisco (SF) as a reference point. The oval off the coast
represents the Point Arena Basin. (modified from Drake, et. al., 1987)
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